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Sample LD.

SAMPLE
Qualiy Assurance Reprt

jí/~,CF7TrG,:; .
i l! !, At\"¡ " D . ! l '..', ~. ~:rL'ri¡," I,. ' , I

if:Jõ':;:;:r .-:, ;- .. ~D: i,..::,1' .
-' '." .. "',; :: ~'. . Ll- , ~', \.:- , ;,' ..-~

Ratio of OlE Acceptable
Anysis (OlE:! La) limts

Aloh.'l 1.01 0.85 -1.15

Beta NA 0.85 - 1.15

Uranium 1.07 0.85 - 1.15

Raon NA J 0.85 - LIS

Radium-226 0.89 0.85 - 1.15

Radiurr-228 0.95 0.85 . 1.15

Strontium NA 0.85 -1.15

Tritium NA 0,85 - 1.15

Standards

Analysis Observed Expected Acceptable

Alpha -:0.5 -: 1.0 .: 1,0

Beta , NA ,~.3.0 -:3.0

Uraniur -:0.6 -: 0.8 -ê0.8

Radon NA -: 150 -:200

Raium-226 -:0.3 -:0.7 -:0.9

Radium-i28 -:0,4 -:0.7 -:0.9

Strontium NA -:0.8 -:0.9

Tr.tium NA -:400 -:500

Blanks

NA Not applicable.

Ròbert L. Metzger, Ph.D.. C.H.P.
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May 4,2005

S/4/05
Date

~-t,~
Director's Signature
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A. Ap,paratus.

1. Our apparatus ç,onsists of standar.d glassware for general use.

,-,., Z.Specialîzed glasswarr: (and app~\ratu.s fol" use with corrosive materials):

a. Multi-distilation unit for i;ritium (H-3) usc, etc,

b. De-emanation system for Ra-226 dtttnnination.
c. Sparging system to degas oxygen from LS cocktails counted by

PERALS spectroscopy.

3. Instrmentation.

ZL. Thrc,e Tennelec: Extemal Ga.s-i:iow Proportional Counters. One Greee
Protean External Gas~lí'ow Proportional Counters

b. One Wallac Model 1414 and One Packard 2700TR Liquid
Scintilation Counters.

c. Two hitrÌnsIc G(~ Crystals and a Canberra Multichannel Analyzt:r
with the Genie Data Reduction Software.

d. Four NaI crystals with Multi.channel Analyzers for Low Resolution

Gamma Spec.troscopy.
e. Six Surface Barner Detect.ors Multiplexed into a Multìchannd

Analyzer for High Resolution Alpha Spectroscopy.
f. Three Photoelec.tron R~jec1;ing Alpha Liquid Scîritilhüioii (PERA)

Spec.trometer for Alpha Spectroscopy.

B. R~agents. .Al reagents used in proc.edures are of reagent grade or better.

u. liNE OF AUTHORITY.

A. This line of authority should be used in co:s~~~ction with any laboratory related
adivìties and any adrnìstrativc matters.

1. Robert L. Met~gel"i President

2. Dir~dor
3. ChietChemist

ß. This line of authority wil be updated Ot amended as n~ce$sar)'.

G. All persons listed above are princîpal quality aSisutaoce personnel and responsible for
adhctcnce to the quality a~suranc(; program.

;
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III. QUALTY ASSURACE OBJECTIVS.

A. Thè objective ofthI:; al,a1Ìty .l,si;urance program is to produce data that is of 
known and

dr.fensible quality (i.e. the accuracy of 
the, analytical result çan bi.' stated with a high

level of confidence).
,

B. 'I:it objectivc:s oftht.~ dara quality are to 'produ,,~c results that fall under the condition.
oOow bias and high precision which, when, combined, express its accuracy. Also, to
ensurt.~ that the results represent both the sample itself and the sampled population.

c. Th:~ criteria for the laboratory judgement of accc,ptabilty of tach sample are as follows:

1. The contai n~r must be intact, i ,e. no le~i.ks.
2. The container cap must be intact.
3.!The propcr papeiwork must accompany it with all pertinent information.

IV, CONTÁINER PREPARTION & SAMLE PRESERVATION SPECIFICATIONS.

A. Sàmple Containers.

1.; All liquid test samples can b~ collected in plastÍ(~ (polyethylir.e Qr
equivalent) containers with the. exception of samples to be tested for trit:ium. Those
samples must be çollected in glass containers only. Zero hca.dspace vía1s niust

be l,sed for Rn-222 anaJysis. .

2. Types of Con.taincrs.

a. 1 pint bottles (polyc:thykne)

b. i liter bottles (polyethylene)

c. 1 gallon Cùbitainers (polyethylene)

d. Zero headspacc vials (glass)
~~. 5 or 10 ni vials (glass).

. j# i

3. Pre.paration ofContai:ners.

a. The containers are clean as provided by the supplier.
b. The. appropriate presèntative, if any (see table 1), wil be added so that when

the sample is added it will have a pH of less thtin 2. Any preservative added
should be done so at the time the sample is collected unless the sample is to be
separate,d into suspended and dì$~Qlved frac.ioris.
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h s' i C pTa Ie 1: aipJe ontainer lIeservativeS

, TEST OPTIONAL PRESERVATNES
:

Radon in H20, B-3, 1-131 llOllÇ
,",,- -

S1'-89/90 HNO~

Gross a/ß, y-Spec Sampks, HelorHNO:1
Ra-226, Ra-228, Uranium

v. DOCUMENTATION ON LA RECEIVNG AND TRAClONG OF SAMLES.

A. Standa.rd .methods.

1. Each sample wil arrive at the lab with a chain-uf-custody/analysîs form.
a.. This form will (~öntain the following:

I.). A unique sampk number.
2). Signaturc of the collector.
S). Date; time and address of cölkc.i.Ion.
4). Sample tye and an¡ùysis reque~t.

5). Signatures of persons involved in chain of possession.

6). Inclusive dates of possession.

7). Lab portion includes:

a). name of person rcce,iving sample.
b). A unique lab sample number Mid date of receipt.

2. Sample Analysis Request Sheet.

a. This wil be included în the ch,iin-of-custody form.

b. However, a data anaJysiR work sheet w11 ac(;ornpany the sample and the

chain-or-custody form through the testing proc.edures.

3. The sample and appropriate sheets will be transferred to the lab as soon as pos1iiblc.

4i In the lab, the analyzer will inspect the samples' condition, ch.iiTl-of- custody, assign

a lab number, log the sample in the sample log book, and store it in a secure place
: m'.itil. ¡),nalysis.

5~ II' wlids ar~ ohserved in a sample, the sample wit b(: ri1tered before analysis.
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VI. ANALytICAL INSTRUMENT CABRATION AND FRQUENCY

A. Teimelee Gas-Bow Proportional Counte,rs.

1.. EtiCh time a new tm1k of P-1.0 counting gas is installed ,(4-6 weeks) the:
c.orresponding instrumcIlt is checkcd for proper operation by counting particle
specific check sources.

2.. NIST traceable 8tandards arc run to detc.miÎne alp d1ic:iencies.
,

3,. A Po-210 source is normally used to determine alpha crosstalk in the beta window,
however in thc absence of Po-21 a another isotope can be used and compared to
the manufacturers' published data for that isotope. Sr-90 is used to determine beta
in alpha crosstalk. Crosstalk is highly energy specific and may not be used by data

! reduction software.

4.: All pertinent infonnation is then entered into the assoc.¡ated computer program
which reduces the raw data.

J

5. To verify the background a blank pliinchette is counted W'tii each sample run.
i
,

6. Tbc 0: in ß cross-talk is checkedagailîst manufacturer's values.

7.! The ß in lX cross-talk is checked against manufac.tui'er's values.

8~ QC and ToleranceS.
ì

i A QC is run once a we,ek for both alpha and beta counts. Standards of a known
. quantity are counted for 30 minutes, then the data is stoi'ed and plotted in a

database.. Warning limits arc set at::! 10% with action limits at :t 15%.
i

B. Y:Spe:çtrometer.

I! Energy calibration must be done aloiig' with an effdency calibration for
each of the following geometries:

a. Planchcne - Geometry 1

b. 500 mL Marrincll - Geometry 2
i

2~ Calibration is set up initially ¥lith the GENIE software and checked monthly with
a mixed y standard iti the appropriate g(~ometry (see GENIE manuals).

3. QC and Tolerances.
,

QC is ron monthly to analyze g_\tnia activity of a knoWl1 standard in one of 
the

three geometrícs. Error tolerance is :i 15% of the standard.
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O. Liquid Sdintì1anon Counter.

1. )'hc LS Counters are automatically c.Jitcked daily by running the i:alibration rack
. before each sample run. If th(~ calibration is not successful, the machine will stop

automa:tic.ally.

~-,~ .

2.; lsotõpic calibrations are performed with internal standards with each batch of
samples.

D. PERAI!.
,

i

1.: PERALSil unit is calibrated using NIS'T traceable spikes with each sample batch.

E. AJ;pha Spectrometers.

J.j Thr: alpha spectrometers are, calibr~i.tèd with NIST traceable electroplated

standards of the appropriate geometry fO.r the samples be.ng counted.
i

!

2.: QC and Tolerences.
I

! QC i.s done prior to use using a NIST tL"aceable Th-230 standard.
Error tolerance is :I 2 o.

¡

VII. PREVÉNTATIV MANTENANCE PROCEDURES & SCHEDULES.

A. G~nerai Laboratory Maintenance.

i.'A log sh.cCl shal be kCpiiO monitor liquid nitrogen and .P-J 0 counting gas usage.

2.!New tanks of liquid nitrogen and P-lO (.~ounting gas should be ordered as needed.
;

3. Wipe tests wil be run weekly to determine any contarrnation of the lab area.! 'iI,
B. Equipment.

1.: Perfonn all calibrations as str:e,d in section VI.

2.: Tennelec Gas-Flow Pr.opor.tional Counter.. The pressu re of the P-l 0 counting gas
; as seen on the flow meter should be at 0.1 and checked daily.

3.: High Resolution y Spectrometers. Check and fill liquid nitrogen dewars weekly
¡(enter into L.N. log-tì1 sheet).
i

¡

4.; Maintenance ofthc (.~ounting equipment is provided by the manufacturer on an as
needed basis. Litile preventive maitenance is needed for modem counting
equipment. The quality çontrol program tests ate adequate. to spot equipment
problems before they affect data qualty.
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vni. ASSESSMENT PROCEDURES FOR DATA ACCEPTABILITY.

A. Data Reduction and Reporting Procedure: User in 
tt:ractívc compute.r programs which

- anaJYZt;~resuits and propagate errOr have been developed to pre,vcni; error in complex

computàtions. Each program calculates and checks for UD, reduces the sample cL'1tà,
propagates the error, and reports to the user -c LLD or result:t 10'. These programs
may be found in the Procedures manuaL. lfthe result inclcati~r; the sample contains
ac#vii: greater than thc maximum contamnation limit, c.all DEQ and the client
írr~rnediately, and arrange for a retest.

B. Instrume,nt Calibration: The counth1g instruments arC calihrated using NIST traceable
st.ridards and recovery through complex chemical processes is determined by spiking
samples with known standards. Al data is analyzed 

for accuracy and precisioli using

sdi.dard statistical methods.

C. Làboratory Intercomparisons: This lalioratory partkipates in the ERA InterLaB
RädCheM ProficiençyTesting Program. Results of 

the round robin and performance
lCßts are maintained all fie.

ix. CORRCTIV ACTION PROCEDURES,

If calbration or QC tcsts fail, notification of the person at the head of the Line of
Author.ty is mandatory, and subsequent investigation of the cause is conducted before
proceeding further. Schedule the counting instrument for servcing, if necessary.

X. CHAN. OF. CUSTODY PROCEDURES.

A. Chain-of-custody forms are sent out wir,h sample containers and necessary information
ir; filled out by the client/sample holder. "'"

B. 'Wen the, sample is returned the date and time received are rci:o.rded in the "Received
. By" box on the chain-of-custody form.

C. As the sample is treated and tested, th~ c:hain-of-custodyform aci:.ompanies the sample
apd ctll resùlts are docum(~ntcd with it.
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D. When all test;: have b('en completed a copy of 
the. chain-of-custody form is mailed aloti.g with

the re.iort to the client. The original chain of custody foi.m is to be held on me, for each

samplt, for a period of 3 years. The forms wil be maintained in dironological order

.XI: REPORTINGR£SULTS.

A. At! results wil be reported in w.riting to the client.

ß. Aii reports wil be maintained on fie by dient, for a period or 3 years.

XII. LAORATORY SAFTY.

A Liqcnseò environrnentallaboratories ~hall comply with all applicable federal, state, and
local rcguhitions regarc.üng occupational safety and health.

B. Raclia.ton safety is maintained under the. procedures in our nidiation safety program
ard radioactive materials license (7 -192). These documents may be found in the largt.~
bi~1.ders in the lab and in the top file drawer. i

C. Safety equipment.

i.i Emergency eye wash stations are placed in obvious and easily accessible
'locations, a.bove the sink in the lab, aiid on the reagents' cabinet in the bäck.

2. HEPA fi.lters are used in both the glove box and the hood.

3.: The hood face velocity exceeds 100 FPM acrosS the face of 
the, hood.

4. Geiger 3l'ld scintilation counters are used t() determine the presence of
radioactive contaminants in and around the lab area.

5, Lead bricks and 'I.. shields are used in the lab area to prOiCc.t against
y and ß radiation. ' ." ,



M8Y,,17-2005 10: 16 FROM: BROWN RND CALDWELL 6025674001 TO: 415 947 3545 P.12/20

~:\

XIII. APPROVED ANALYSIS METHODS.

A. Mbthod 900.0 for Gross .Apha and Gross Beta

,~", - B. Mtthod,600/00-02 for Gross Alpha by Co-Precipitation

c. :Methöd 903.0 for 'I'oiai Radlu11

D Mçthod 903. i for Radium 226

E M:~tbod 9lJ4.0 fOT Radium 228

F Màhod 91.3.0 for Radon 222

G Mèthod 00-07 - for Combined Uranium

H Mtthod 00-07 - for Isotopic Uranium

1 Method 906.0 - for Tritium

J Method 905.0 - for Strontium

K. Method 901.1 for High Resolution Gamma Spectroscopy
;
,

i.. Method 901.1 for 1- 131
,

,iii
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RADIOCHEMICAL DETERMINATION OF THORIUM AND URANIUM IN WATER.. ~ I
Pr" nci ple

The ¡water sampl e ; s fil teredo Thori um-234 and urani um-232 tracers are
added t~ L to 4 liter aliquòts. After evaporation, the uranium is

extracted into tri i soottyl ami ne (rIOA). The thor; urn is puri f1 ed by

adsorpti'on on anion exchange resin from nitric acid. Uranium is stripped

from the rIOA with nitric acid and coprecipitated. Thorium. is stripped

from the resin with Hei and coprecipitated.: Each actinide is radioassayed

by alpha, spectroscopy.

Special
1.

2.

3.
4.
5.
6.
7.
8.
9.

10.

Reagents
1.

2.

Apparatus
Nuclepore filter membranes. 25 mm diad ~ 0.2 micrometer pore

size or equivalent. See Note 1.

Ion exchange col umn, 2 em internal d; ameter X 10 em.

Plasti,c graduated cylinder. 100 ml volume.

Pl anchets. stai n1 ess steel, 32 mm diameter.
Separatory funnels, 1 liter capacity.

Suction filter for 25 mm membrane.

Teflon beakers. See Note 2.

Glassware.
Pleated filter paper.

Al pha spectrometri c system consi sti n9 of mul ti channel analyzer,

biasing electronics. printer. silicon surface batrfer

detectors. vacuum pump and chamber.

.1* I

Anion exchange resin; BioRad AG1X8 (200-400 mesh. nitrate ~orm)

or equivalent. Convert to nitrate fonn for thorium analysis by¡ ,
washi ng the resi n with 6t! HN03 until the washi ng' shows no

trace of chloride. when tested with AgN03.

Ascorbic acid, crystalline reagent.

.00..07-1
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. 3.: Hydrochloric acid, 12M. 37 percent Hei reagent.

· 4.1 Hydrochl ori c aci d,. 9!i. Oil ute 750 ml of the 37 percent reagent
grade Hei to 1 liter with distilled water.

5. Hydrochloric acid, 1M. Dilute 83 ml of the 37 percent reagent

grade Hei to 1 liter with distilled water.

. 6. J1drofluoric acid. 29!:,48 percent HF reagent.

.7. J1drofluorlc acid, 3M. Dilute 104 ml of the 48 percent reagent

grade HF to 1 liter with distilled water. Use a plastic

graduated cylinder and storage bottle., +3 . 7.8.: Lanthanum carrier, 0.1 mg La ImL 01s50111e 0.0 79 9

La (N03) 3 · 6H20 per 250 ml I!! HCl.

9. : Nickel foil; 15 cm x 1 em x 0.1 mm.

t 10. Nt tri c aci d, 16M. 70 pe"rcent HN03 reagent.
11. Nitric acid, 6M. Dilute 375 ml of the 70 percent reagent grade

HN03 to 1 liter with distilled water.

. 12.: Nitric acid, O.lt!. Dilute 6 ml of the 70 percent reagent grade

HU03 to i liter with distilled water.

13.: Perchloric acid, 12r, 70 percent HC104 reagent.

14. Si 1 ver nitrate, crystal i 1 ne reagent.

is.! 511ver nitrate, O.lM. Dissolve 1.7 g AgN03 reagent in

, distilled water. Add 1 ml 6M HN03 and dilute to 100 ml with

¡ distilled water. ..",
-16. Titanium trichloride, 20 percent reagent grade.

.17. Titanium trichloride, 0.4 percent. Dilute 1 ml of the 20

percent Ti C 13 to 50 ml wi th 1 ~ Hei. Prepare fresh dai 1y.
-18. Triisooctylamine (T1OA), reagent grade.

~19. rIOA solution in p-~Ylene. 10 percent.

triisooctylamine in p-xylene and dilute

· 20.' p-Xyl ene. reagent grade.
21. Thori um-234 tracer sol uti on. a~proximately 800 pCi/ml, accurately

ca i ibrated.
. 22. .Uran;um~232 tracer solution~ approximately 1 pGi/ml. accurately

cal ibrated.

Oi ss01 ve 100 m1 of

to 1 liter ~fth p-xylene.

00-07 -2
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Sample Preparation

1. Filter water sample of one to four liters through a pleated

filter.
2. Add 50 ml 12M Hei and measured a i i quots of 234Th and 232U

tracers.
3. Evaporate sarnpl e to 200 ml vol urne.
4. Add 600 ml of 12M Hei to make sampl e çoncentrat ion 9M 1 n Hei.

Urani um Determínati on

1. Place 100 ml of 10 percent TIOA solution in a 1 liter sepatatory

funnel. Add 50 rnl 9M Hei and shake funnel for on~ mi nute. Ora; n

and discard lower aqueous acid phase after clean separation of

the two phases.

2. Add the aqueous acid sample to the TIOA in the separatory funnel

and shake the fUnnel vigorously for two minutes. Vent the funnel

stopcock to prevent pressure bui 1 dup in the funnel.
3. Aii ow the phases to separate cl eanly and draw off the lowr

a9ueous acid phase. Save for thorium analysis.
4. Add 50 ml 9M Hei to the TIOA solution in the separatory funnel

and snake for one mi nute.
5. Ailow the phases to separate; withdraw and discard lower aqueous

a~1d phase. .,,"
6. Repeat steps 4 and 5.

7. Strip the uranium from the TIOA solution by adding 100 ml

'o.l!! HN03 to the separatol"Y funnel and shaking the funnel for
two m; nutes.

8. Allow phases to separate; withdraw and save lower aci d phase.

9. Repeat steps 7 and 8 and combine strip sol utions. 01 scard rlOA

sol uti on.
10. Place combined strip solutions in, the clean separatory funnel.

11. Add 100 ml p-xyl erie to combi ned strip Sol uti on and shake funnel

for one m; nute. See Note 3.

December 1985

00-07-3



MRY ~ 17 - 2005 10: 17 FROM: BROWN RND CRLDWELL 6025674001 TO: 415 947 3545 P.16/20

.12. Ànow phases to separate cleanly; withdraw lower aqueous acid
--,..'

layef into beaker. Discard p-xylene.

13. Evaporate combined solution from step 12 to dryness. Do not

overheat.
14. ~dd 100 ml 16~ HNÚ3 to residue and evaporate to dryness. Do

iit overheat.

15. Add 5 ml 9M HC' and Sml 12M HC104 to resi due and evaporate to

dryness.
16. Repeat step 15.

17. Add 10 ml 121,\ Hei arid evaporate to dryness., -
18. Repeat step 17.

19. Add 50 ml lt! HCl to sample residue and warm gently to 
dissolve

,resi due.

20. Heat sample solution to 80uC with stirring. Do not overheat.

21. ~uspend cl ean ni ekel metal stri pinto sol uti on for two hours toi l'
remove po on1 urn.

22. ~emove nickel and evaporate solution to dryness.

23. :Add 15 ml 1~ Hei to sample residue and warm to approximately SOUC.

24. ~dd enough ascorbic acid to reduce iron in the sample. indicated

:by the disappearance of yellow color.
25. :Add 1 ml of 0.4 percent TiC13 to reduce uranium.

26. ~dd 1 ml of 1 anthanum carr; er and 5 ml of 3M HF to prec1 pi tate, -
:lclF3 çarrying uranium. ~Aix well and'''set aside for 30
:minutes.

27. ¡Using suction. filter çoprecipitated sample through a filter

¡membrane.
i

28. ;Rinsé sample beaker with 10 ml water and add to filter funnel.

Rinse beaker with 10 ml ethanol and add to funnel.

29. ;Removè clamp and top of funnel with suction on. Allow membrane

'to dry.

December 1985

OO~07-4
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30. i Mount membrane carefully on 32 mm pl anchet usi ng doubl e stf ck

: tape.

31. ¡ Count sampl e for 1000 mi nutes on al pha spectrometer.

i

Thor; urn Determ1 nat ion
i

1. 'Evaporate aqueous ,ac; d fracti On contai ni ng thori urn from step 3 of
. Uranium Determination.

2. I Add 10 ml 16M HN03 and evaporate to dryness.

3. i Add 5 ml 9l1 HCl and 5 ml 1~ HC104 and evaporate to dryness.
4. : Add 10 ml of i6~ HN03 and evaporate to ~ryness.
5. : Repeat step 4.
6. ¡Dissolve sample in 10 ml of 6!!HU03 with heat.

7. ! Prepare ion exchange cal urnn wi th 25 ml Bi oRad AGIX8 res; n. Wash
: re si n wi th 250 m' of 6:.1 HN03.

8. ~ Decant sample into column at gravity flow (approx. 3ml/min) and

! ri nse the sampl e on the col umn with an add;ti onal 50 ml of 6M
¡ HN03. Discard wash.

9.: Elute the thorium from the column with 200 ml of 6M Hei at flow

: rate of 3 ml/minute.

10.r Evaporate thad urn el uate to dryness.
,

11.: Add 10 ml 12l1 Hei to residue and e~,~porate to dryness.
12. Add 15 ml It1 Hei to sample residue and wann to approximately sooe.
13.; Add i ml lanthanum carrier and 5 ml or 3M HF. Mix well and set

: aside for 30 minutes.
i

141 Using suction, filter coprecip1tated sample through a filter

i membrane.

17 ~

Rinse sample beaker with 10 ml water and add to filter funnel.

Ri nse beaker wi th 10 ml ethanol and add to funne1.

Remove clamp and top of funnel with suction on. Allow membrane,

to dry.

Mount mombrane carefully on 32 mm pl anchet usi ng daub' e stick

tape.

15~:

16~
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I

¡

I

!

I

8etaç:ount the sampl e to measure
I

qount sampl e for 1000 minutes On

i

caicuiationJf :
Calcul~te the concentration, Z, of uranium in picocuries per liter as

fo 11 ows: ¡

I

I
i

iá.
19.

where

A .'"

I

Ai 1

IB

!

B1
¡
'F
¡

E *'

F ì
==
!

V
i:t

T
i

í
2.22 ;.

!

TO: 415 947 3545 P.18/20

thor; um-234 ~eè ove ry.

alpha spectrometer.

z '" (A-Ai) x F

(2.22)(B-Bi) (E) (V)(T)

gross sample counts which appear 1n the uranium-234.-235.

òr-238 alpha energy reg; on,
background counts in the same al pha

gross tracer counts whi ch appear; n

of the trac er isotope,

background counts in the same alpha energy region as ! above.

alpha detector efficiency.
total çal ibrated tracer counts for same counting time as

sampl e counts,

sample volume (liters),

counti ng time (mi nutes), and

dpm per pC;.

energy regi on as ~ above.

the alpha energy reg; on

.1_ I

ì
i

Calculate the concentration, Ii of thorium in picocuries per liter as
i

follows:

z ~ (A - Ai) X F

(2.22) (ß - 6i)(E)tV) (T)
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i

I

.,. where

A

TO: 415 947 3545 P.19/20

~ gross sampl e counts whi ch appear in

-230 or -232 alpha energy region,

= backgro~nd counts in the same alpha

~ gross tracer beta counts,

¥ beta counter background,

= alpha detector efficiency.
= tot81 cali brated tracer beta counts,
= sample volume (liters).
~ counti n9 time (minutes), and

= dpm per pCi.

the thor; urn -227. -228,

A li
B

B1

E

F"

V '

~1
i

Calculate the lower limit of detection (LLD) for thorium inI .
picocuries per Hter as follows:

CB

T

E

R

V

2.22 '"

I

This LLD calculation is valid
I

as the background count; ng time.
I

where

energy region as ~ above,

lLD =
4.66.. CB T

(2.22) (E) (R) (W) (T)

,1# ,
~ background count rate,

% counting time (same for sampl e and bacKground).

= alpha detector efficiency,
'" fractional yield based on B-Bi/F in caiculation.
= sample volume (liters), and

dpm per pC;.

if the sampl e count; 09 time 1 s the same
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Notes ..

1. Nuc;epore is a reg.istered trademark of Nuclepore Corp., Pleasanton. CA.

2. Teflon rs a registered trademark of Dupont. Co., Wilmington, DE.

3. The p-xylene removes most of the TIOA carried into the aqueous acid

phase. Residual TIOA makes the coprecipitation step more difficult.
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